We examined the abundance, life history, and production of the stoneflies Peltoperla arcuata and Tallaperla maria (Plecoptera: Peltoperlidae) in four forested headwater streams at the Fernow Experimental Forest, Tucker County, West Virginia. Peltoperla arcuata was most abundant in the smallest watersheds (<100 ha), and was present at all sites. Tallaperla maria was most abundant in watersheds >200 hectares (ha), was restricted to sites with a baseflow alkalinity of >2 mg L -I CaCO 3, and was the dominant peltoperlid only at sites with an alkalinity >15 mg L-1. We conclude that water chemistry overrides stream size as a determinant of speciesspecific distribution of Fernow peltoperlids. Both taxa had semivoltine life cycles with an 18-month naiadal period following a 6-month egg diapause. Emergence was during May-July for both species. Peltoperla arcuata had about 15 instars; T. maria had about 14 instars. Peltoperlid production was highest (509 mg m-2 y-1) in a 128 ha watershed where only P. arcuata was collected; P. arcuata production was lowest (17 mg m -2 y-l) in a 4th order stream (1536 ha). Tallaperla maria production was highest (271 m-2 y-i) in a 257 ha watershed partially underlain by limestone. Production across streams was higher for P. arcuata (205 mg m -2 y-l) than for T. maria (91 mg m
INTRODUCTION
Stoneflies (Plecoptera) of the family Peltoperlidae are "shredder-detritivores" (Merritt and Cummins, 1996) [Vol. 102 leaves and other coarse allochthonous organic matter into finer particles that can be ingested by other macroinvertebrates in headwater streams. Shredders are therefore an important trophic link between terrestrial and aquatic components of forest ecosystems (Cummins, Wilzbach, Gates, Perry, and Taliaferro, 1989) . Shredder assemblages in certain Appalachian headwater habitats, especially leaf packs in riffles, are often dominated by peltoperlids (Griffith, Perry, and Perry, 1994) .
Peltoperlidae is one of the smallest families of Plecoptera, comprised of 14 genera and about 40 species (Stark and Stewart, 1981) . Of the six Nearctic genera, three are eastern: Peltoperla, Tallaperla, and Viehoperla (Stewart and Stark, 1993) . Naiads of Peltoperla and Tallaperla have identical gill formulae, and similar habitus and mouthparts. No species-specific characters were found for Peltoperla or Tallaperla naiads in early instars by Stark and Kondratieff (1987) . The characteristic used to distinguish between naiads of the two genera is the presence of black spots on the pronota and mesonota of P. arcuata. Eastern peltoperlids have a very distinctive "roach-like" habitus. We speculate that this body shape is an adaptation for penetration between tightly appressed leaves comprising the leaf packs within which peltoperlids are often very abundant.
Both taxa are widespread in Appalachia (Stewart and Stark, 1993 (1995) .
The number of instars for each species was estimated by the Janetschek (1967) method in which a sliding mean of three size classes was used to resolve positive peaks in the head-width frequency distribution. Positive peaks are putative instars. Stewart and Stark (1993) consider this method useful despite its shortcomings.
Selected specimens of known head width were dried (60C, 48 h) and weighed to the nearest 0.001 mg. Dry mass of the remaining naiads was estimated using a least-squares regression of log-transformed dry mass on log-transformed head width. Because slopes of regressions were not different among streams, equations based on collections from all streams were used (Table 2) . Secondary productivity was estimated for P. arcuata and T. maria in each stream (all sites combined) using the size-frequency method corrected for the cohort production interval (Benke, 1996) .
RESULTS AND DISCUSSION
Habitat and water quality For each stream, stream width, sample depth, and sample-point velocity, generally increased with increasing watershed area ( Across sites for which we have water quality data, the percent of total peltoperlid abundance comprised of T. maria (relative abundance) was strongly correlated with alkalinity (Fig. 4) . Relative abundance of T. maria was also correlated with watershed area with two exceptions" at two similar-sized streams, lower Canoe Run and lower Camp Hollow, relative abundance of T. maria was greater at Canoe Run, the more alkaline stream (Figs. 3 and We conclude that on streams of the Fernow Experimental Forest, P. arcuata thrives and is the dominant peltoperlid only in small streams (e.g., <200 ha) with low base flow alkalinity (e.g., < 2 mg L-l), and T. maria is the dominant peltoperlid in more alkaline streams (>15 mg L-l). At intermediate sites such as Camp Hollow sites 1 and 2 (182-199 ha, 6 mg L -alkalinity), both species occurred but neither was abundant (Figs. 3 and 4) . nated by the omnivorous amphipod Gammarus minus, and peltoperlids are uncommon (T. Angradi, unpublished data). Miller and Kovalak (1979) speculated that density of P. arcuata increased in the upstream direction in a small Pennsylvania stream partly because smaller streams (with their smaller watersheds)
were less subject to high flows which could scour naiads and the leaves on which they feed. They reasoned that although total organic matter was roughly equivalent in all channels on an annual basis, organic matter was retained longer in the smaller channels which are less subject to high spring flows. We accept this explanation for the increased abundance of P. arcuata with decreasing watershed area at Wilson Hollow and Camp Hollow, and we add that P. arcuata probably has adaptations for burrowing into the deep interstitial zone, because these upper stream reaches are usually without surface flow in late summer and autumn.
Life history
Peltoperla arcuata and T. maria exhibited semivoltine life cycles (Fig. 5) Haefner, 1984; Elwood and Cushman, 1975) . Overlapping cohorts of T. maria naiads were collected from March through April (Fig. 5) ; overlapping cohorts P. arcuata naiads were collected from February through July (Fig. 5) . Instar analysis suggested that P. arcuata had at least 15 instar peaks based on head width (Fig. 6) , and T. maria had about 14 instar peaks. (1987) , and in Tennessee by Elwood and Cushman (1975) . Miller and Kovalak (1979) Ruggles and Tarter (1991) .
At the Fernow Experimental Forest, stream flow is lowest in July-October. Surface flow ceases in many stream reaches in autumn. Also, leaf litter is scarce in perennial reaches by late summer (T. Angradi, unpublished data). Semivoltine life cycles with an egg diapause may allow P. arcuata and T. maria naiads to avoid these unfavorable environmental conditions in late summer and early autumn.
Production
Production was calculated using a cohort production interval (CPI) of 550 days because life cycles of both taxa were semivoltine (18 month larval period) ( (Table 3) was similar to what has been reported for two small streams in the headwaters of Camp Hollow by Griffith et al. (1994) (Stewart and Stark, 1993 Apparent effects of stream size resulting from differences between streams in water temperature or food quality seem unlikely because water temperature did not vary much among streams or sites, and food preference experiments and gut analysis showed that the species prefer the same leaf species, and that their overall diets are similar (Yokum, Johnson, Tipton, Tarter, and Angradi, 1994) .
We found a more consistent relationship between relative abundance of T. maria and alkalinity than between relative abundance of T. maria and watershed area (Fig. 4) (Table 3) where we found only P. arcuata. However the Coweeta streams had a higher pH (6.7) and alkalinity (4.5 mg L-1, Wayne Swank, personal communication). P. arcuata tolerates higher alkalinities--they were collected at every Fernow sitembut is at an apparent disadvantage to T. maria at higher alkalinities. High baseflow alkalinity might also confer an advantage to T. maria if they are better able to compete with Gammarus minus than are P. arcuata.
